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k  production-proving  teat  is  deaoribed  for  the  preparation;  by  the 
anaerobic  culture  method;  of  large  volumea  of  culture  filtrate  contain¬ 
ing  Immunologlcally  potent  protective  antigen  of  anthracla .  Tha 
proceai  oonaiated  of  tha  anaerobic  culture;  in  a  chemically  defined  medium; 
of  i  aelected  production  atrain.  The  culture  wee  then  clarified  end 
ateriliaed  by  nitration  through  alntered-glaai  filters  *  The  aterlle 
culture  filtrate  was  adeorbad  onto  a  preformed  aluminum  hydroxide  gal  end 
the  Btebiiiied  gel-antigen  oomplax  «ai  concantratedi  The  final  product 
had  high  immunising  potency,  a«  ihnwn  by  both  ylvg  and  J^n  vitro  asaayd; 
and  vaa  veil  tolerated  in  nuini  Stability  of  tha  product  to  accelerated 
aging  vae  good,  end  storage  at  fur  une  year  caused  only  a  minor  loea 
in  protective  activity.  Large  voluii^a  of  the  highly  antiginic  gal-adsorbed 
protective  antigen  ware  raadlly  producad  by  tha  mathod  descrlhad. 
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I ,  INTRODUCTION 

The  protective  antigen  aUboret^d  by  BaclILue  anthracite  during  aerobic 
growth  hai  been  shown  to  be  effective  in  Immunising  anlnvils  and  men  against 
anthrax gubiequant  r^aeerch  aitahliehed  that  protective  antlgan  was 
also  elaborated  in  good  yield  undo.r  anaerobic  conditions  In  chomically 
defined  medla.^  Adsorption  of  the  cultura  filtrate  antigen  onto  a  pre» 
rornusd  aluminum  hydroxide  gel  and  preservation  and  stabilisation  of  the 
adsorbed  product  was  described  by  Fuslss  and  Wright.^  The  stable  final 
product  had  high  antigenicity  in  experimental  animals  and  was  well 
tolarated  in  man.  Thase  studies  Indicated  that  the  anaerobic  process 
could  be  readily  adapted  to  production  of  antigen  on  a  practical  scale. 

The  objective  of  the  work  presented  in  this  report  was  a  study  of  tha 
requitoments  for  adaptation  of  tha  anaerobic  culture  method  to  provide  a 
Urge-scale  prooeea  for  production  of  anthrax  protectivo  antigen. 

■u, 

This  work  WAS  performad  primarily  at  the  Wait  Point ^  Pai^  faclllbiei 
of  the  Mirck^  Sharp  and  Dehme  Dlviaion  of  Merck  k  Co^i  Inc*  Two  of  the 
authors  (Lee  G«  Manning  and  Eugene  S.  Barclay)  are  on  tha  staff  there. 

All  animal  inanunlaatlwn  and  challenge  studies  wert  performed  at  Fort  Detrlcki^ 


A.  CULTURES 

Strain  V)'/0-NPI-R,  a  nonencapsuUtad;  nonoroteolytic^  and  avirulent 
mutant*  of  B.  anthracls.  was  used  as  inoculum/  Immunlaad  animals  wera 
ohalUngad  with  the  vlrulant  Vollum  strain  of  JJ,  anthracii.- 

B.  GROWTH  MEDIUM 

The  chemically  daflned  109!^  medium  described  by  Wright  ^  was  used; 
It  was  made  up  as  a  25-10^  concentrated  stock  and  diluted  to  req.uired 
volume  in  tha  fermentation  tank*  The  chemicals  w^re  cf  C.P.  cr  reagent 
gradn;  nit  watar  was  Crashly  distilled  and  obtained  from  tha  plant  service 
Line  at  ISO'^F.  Composition  of  the  defined  medium  is  presented  in  Table  1. 


★  In  iinndueiing  the  roHeerch  reported  herein,  the  Investigators  adhered  to 
'*Prlnc(plo3  of  Uiboratory  Animal  Care'*  as  established  by  tha  National 
Soolaiy  for  Medical  Research* 
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TABLE  1,  CONSTITUENTS  REQUIRED  FOR  300  LITERS  OF  1091?  MEDIUM 


constituent 


CONCENTRATION  .  CONSTITUENT  CONCENTRATION 

Gramii/12  liters  Gram5/12  liters 


AB*0  stock 

Biotin^  crystal lino  0.15 

Thiamine  ■  HGl  0.12 

AdanoBlne  0.30 

L-Alanine  2.70 

L- Tryptophane  3. 12 

OL-Sarina  6.24 

L-Arginlne  ’  HCl  6.24 

L- Pro  Una  8.76 

Glycino  8.76 

DL-Ma th i on ina  9.00 

DL-Thraonine  (allo-fraa)  18(00 
Valina  18.00 

Di.'Asps rt'i r  jicld  19.20 

DL* lacIauQine  19 . 20 

DL-Phany  Lalaiiiua  20.40 

L-KiHLldin^  '  HCl  28.80 

DL-l««uclno  38.40 

L-Glutumic  acid  30.40 

MnSO.  *  H2O  1.20 

Mg80^’  *  7H20  3.00 

GaCL  .  2H9O  4.44 

GlucBia  300 

Guanlna  >  HCl  8^  2.76 


C  stock 

KH2P0^  204 

K2HP0^ 


Amt/.a.iitfU" 

0 . 87  gram 

Gonod  HCl  4.5  ml 

Haat  to  dilSolva. 

Evridox*!.  lo melon  W  Qr«m/6CiQ.  mV 
Pyrldoxal  'HCl  0-3 


Sodium  blcarbonata  sJ 

*0  button 

NsHCOj  750 


Ftrreu.  .ulfaca 

ftai,\LUgB  ^  ■ 
F.SO^  •  7HjO 


loll  to  dlaiolve  in  600  ml  H  O  plug  9.0  ml  concantratad  HCl;  add  to  A^' 
Stock,  and  bring  final  voLumf  to  12  litors. 

SLr.rlIUGd  by  filtration. 

Sinrilixad  by  antoclaving  far  45  minutcu  at 
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C .  PRODUCTION  EQUIPMENT 

A  gl&Si-lined>  jAckated^  closed  tank  of  ISO^gallon  capacity  (special 
type  M)  w  flerved  for  preparation  of  medium  and  growth  of  the  culture. 

This  vassal  (Figure  I)  was  equipped  with  a  variable-speed  Impeller  to 
agitate  the  contents,  and  with  the  cuabomary  temperature  and  motor  controls. 
Cultures  were  filtered  through  a  combination  of  sintered-glass  fe/  clarifier 
and  sterlllaer  unite;  each  of  one  squarefoot  area.  The  clarifier  filler 
(Fiva«mlcron  porosity)  was  connected  in  aeries  with  two  one-micron-porosity 
stetlUsing  filters.  A  flow  rate  of  about  0,82  lltar  per  minute  was 
achieved;  this  required  back-flushing  of  the  clarifier  filter  with  sterile 
water  once  tn  hour.  A  standby  5-mioron-porostty  clarifier  unit  was  used 
during; tha  b/-^k-waih  period.  The  bacH'-f  luahed  Huld  was  collected  in  a 
carboy;  .autoclaved;  and  disqatdad.  The  filtration  arrangement  is  shown  In 
Figure  2i  The  clarifier  filters  (a)  are  attached  to  the  steriliser  filters 
(b)  arranged  in  aeries.  Culture  from  the  fermentor  enters  the  assembly 
ft#  the  tube  at  right  (c);  sterila  filtrate  leaves  in  the  tube  at  left 
through  ah  opening  in  th*  wall* 

J  culture  filtrate  was  passed  into  a  second  closed;  glaaa-Uned; 

Jackitid  tahklCEvIt^  eeries}  «  for  adsorption  and  holding  at  4^Ci  This  tank 
was  alio  eqolppad  with  an  iaqpeller  and  the  customary  refrigerant  and  motor 
oontrols*  _The_gel««antlgan  oonpiex  was  proceasad  in  an  Iniernatlonai 
Centrifuia;  Model  Uh.  W 


D.  ALUMINUM  HYDROXIDE  GEL 

The  gel  used  as  adsorbent  and  adjuvant  for  the  antigen  was  prepared  by 
the  method  of  Hansen^  In  a  glass-lined;  steam- Jacketed,  open  tank  equiDoed 
with  icitring  paddlta,  A  continuous^ flow  nctale-diichArse  cantrlfuge  4/ 
wae  used  to  remove  and  wash  the  gel.  The  final  gel  product  wae  tasted  for 
Its  antlgen-sdaoi'blng  ability  with  a  culture  filtrate  of  known  immunising 
activity.  bUindard  gel  of  proved  antlgen-adaovbiug  capacity,  kindly 
euppUod  by  Dr.  Inga  Rcheibel  of  the  Statens  Sarumlnstitut;  Copenhagen, 
Donmark;  waa  used  as  an  adsorbent  control.*^  Tha  gel  product  used  In  tho 
present  work  rrunmhlr.d  tlm  standard  Danish  go  I  In  Its  adsorptive  capocity 
for  antlgftn. 


a.  Tha  Pfaudlar  Mfg,  Co.,  Rochestar,  N.  Y. 

b.  Tha  Chem-Flow  Corp,,  LltLle  Falls,  N.  J. 

c.  IntarnatlonAl  Equipment  Co.,  Boston,  Mass. 
d>.  The  SharploN  Corp,,  Philadelphia,  Pa. 
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E.  ASSAY  METHODS 

Culture  flltratfiB  were  teeted  for  in  vitro  antigen  activity  by  the  com- 
plament  fixation  method  of  McGann;  Steaviuan^  and  Wright^  and  alao  by  the  agat 
gel  diffualon  method  of  Thorne  and  Belton. °  ^  vivo  immunlBing  activity  wee 

aaaayad  by  Immunlaatlon  and  challenge  of  rabblte.® All  animala  received  a 
elngie  0.5-ml  subcutaneoua  ImmunlBing  dose  of  antigen  diluted  in  aaline,  ae 
ihown  in  the  Tables.  Two  woeks  later  the  animals  and  unlmmuniaed  controla 
vara  challangad  intracuta>w,o^aly  with  10,000  apores  of  the  challenge  strain 
In  a  volume  of  0.25  ml.  Thl#  dose  rapraaanted  500  to  1000  1^030.  Realdual 
glucoae  In  the  culture  waa  determined  by  the  enthrone  method  of  Horrti,  aa 
daacribed  by  Naiahi^^  The  bacterial  counta  vara  aatlmated  turbldimetrlcally 
in  a  colorimeter  againat  a  nephelometric  standard  auspansion  of  Salmonella 
tvphoaa  obtained  from  the  Dlviaion  of  Blologlce  Standards,  Katlonal  Inatitutea 
of  Health 4  Aluminum,  aluminum  oxide  oonoantratlon,  and  formalin  content  In 
the  final  antigen  product  were  determined  by  the  mthoda  deacribed  in  U.  8. 
tharmaoopeia  XVI. Sterility  .and  safety  teats  performed  during  production, 
aa  wall  aa  on  the  final  product  were  In  accordence  with  Public  Health 
Service  Kegulatlona.^^ 


7.  PHOCBSS  DESCRIFTtOK:  THE  MEDIUM 

AB*C  and  C  stocks,  12  liters  eachi  were  added  to  266.3  liters  of  dis¬ 
tilled  water  contained  in  the  t50-gallon  fermentation  tank.  The  tank  and 
ita  contents  were  sterlliaad  by  heating  to  120^0  and  cooling  Immediately 
to  37®C,  After  the  temperature  had  dropped  to  100“C,  pressure  was  equilibrated 
by  allowing  air  to  enter  through  a  atarllo  alt  filter;  six  liters  of  sterile 
■odium  bicarbon«t«i  (12  pot  cent)  were  then  sdded.  Sterile  ferrous  sulfate 
and  pyrldoxal  hydrochloride  solutlona,  pooled  In  «  20-lltar  Pyrex  glaea 
bottle,  were  added  to  thn  contents  of  the  unk  and  the  tank  was  inoculated 
with  the  said  culturii.  Final  pH  d£  the  niedium  wss  about  A  startle 

tube,  LnaatCftd  through  the  Inoculating  valve,  was  used  to  introduce  nitrogen 
(starlllKed  by  a  filter)  into  the  tank  to  a  pressure  of  5  psig.  The  ges 
waa  Introduced  close  to  the  surface  of  the  medium  fur  25  mliiutcs  and  dis¬ 
placed  the  air  through  thu  top  valve  of  the  tank;  the  valve  was  then  olopod, 

Thi^  culture  was  Incubaced  at  36"  to  3S''C  under  nitrogen  for  approxinwte ly 
27  hours,  with  agitation  at  a  constant  rata  of  20  revoluclona  per  minute. 
Samples  Tor  the  various  tests  were  removed  through  a  sterile  tuba  at 
■alectad  intervals  during  growth. 


G.  FILTRATION  AND  ADSORPTION 

At  the  terminer  Ion  of  Incubation,  the  pH  of  the  culture,  which  had  dropped 
to  pH  b.9,  wart  raisud  to  pH  8.0  with  starile  2N  sodium  hydroxide  and  the 
culture  was  cooLod  to  18*^  to  20"C ,  A  pi'esaure  of  ahotil  10  palg  of  nitrogen 
WAS  applied,  and  the  culture  was  forced  through  a  gUas  valve  In  the  bottom 
of  the  tank,  ihrougli  the  clarifying  and  starillaing  flLtors,  and  Into  the 


holding  ttnh.  Approximately  six  hourc^  was  required  to  filter  the  300  liters 
of  culture.  Twelve  liters  of  the  sterile  aluminum  hydroxide  gel  at  a 
temperature  of  22^0  was  added  to  the  filtrate.  The  mixture  was  agitated 
for  30  seconds  at  60  revolutions  pet  minute  and  then  cooled  tc  4^C.  Three 
times  dally  for  five  days ^  the  suspension  was  agitated  for  30  seconds.  An 
alternate  method/  preferable  when  proper  equipment  is  available,  would  be  to 
agitata  contlnmusly  at  15  to  20  ravolutloni  par  minute  for  two  days.^ 
Agitation  was  dlscontlnvited  20  hours  prior  to  removal  of  adsorbed  antigen 
from  the  tenk  to  allow  the  miterUI  to  settle.  Approximately  31  Utere  of 
the  concentrated  auapension  of  adsorbed  antigen  was  removed  through  the 
bottom  valve.  The  euparnatant  waa  discarded. 


H.  FINAL  PRpCBSSlNC 

The  adsorbed  antigen  waa  distributed  asceptleally  into  sterile  Ii5-Ilcer 
Fyrex  gUsa  centrifuge  bottles,  each  oonUinlng  severaL  aterlla  glass  beads* 

A  centrifugal  force  of  7fi0  x  g  was  applied  for  10  minutes  at  4^G,  and  the 
supernatant  was  ramoved  ndreptlcally  by  vacuum  from  each  bottle  and  discarded 
The  gel  slurry  remeining  was  itrainod  into  a  sterile  45-llter  Pyrex  glass 
carboy  through  e  sterile  bTo.  62  meih  nylon  etratnsTv  Thu  pooled  slurry 
(approxlMtely^  was  raauipended  in  odUi  sterilej  .phyilblogioal 

aullnd  solution  to  28.5  Iltcra.  Preservatives  were  added  and  the  farbny 
was  held  at  4^0  until  potency  and  safety  tests  ware  completed*  The 
preservative  consisted  of  730  ml  of  a  It  1000  solution  of  recryatalliKed 
beneechonlum  chloride*  to  a  It40j000  final  concentration,  As  a  sttblilaer, 
750  ml  of  one  per  cent  formalin  wae  added  to  a  final  ooneantration  of  0.0092 
per  cent  formaldehyde.  The  final  volume  of  product  was  30  lltars;  this  re* 
pvesentad  a  tenfold  concentration  from  the  original  300  liters  of  cultura 
filtrate.  Determinations  of  sterility  by  cultural  testa*  safety  teats  with 
mice  and  guinea  pigs*  tacts  for  antigenicity  in  rabbits,  and  tests  for 
Aluminum  and  farmalln  Cur.tant  were  pcrforcsed.  Finally,  via  la  were  filled 
with  20-ml  quantities  of  the  antigen.  Approximately  60,000  doses  were  ob¬ 
tained  from  the  300*lUer  lot. 


iih,  Amm 

In  the  early  phases  of  the  investigation  the  fermentation  tank  con* 
toinlng  the  culture  medium  was  Inoculated  with  500  spores  per  milliliter  of 
the  production  strain  of  anthracls.  as  described  previously.^  Under 
these  conditions  the  Inltletlon  of  growth  was  delayed,  maximum  turbidity  and 
unlllxatipn  of  glucose  were  reduced^  end  only  small  amounts  of  procectlvo 
antigen  were  detected  in  culture  filtrates. 


Phemorol*  produced  by  Parke,  Davis  A  Co, 
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Xhft  difficulty  was  ovarcome  by  seeding  the  tank  vith  an  acclvaly 
grcsfwlng  vegetative  inoculum  rather  than  with  the  spore  suspension.  Ten 
liters  of  the  culture  tnadlum  in  a  carboy  was  inoculated  with  10*^  spores 
of  strain  V770-NPUR,  incubated  statically  in  air  for  26  hours  at  37*'C; 
and  added  to  the  main  lot  of  medium.  Under  these  condltloni  good  growth 
end  maximum  aocumulation  of  antigen  occurred  in  the  300- liter  culture 
after  Incubation  for  approximately  26  hours.  At  intervals  during  the 
Incubation  period  determinations  were  carried  out  of  tho  pU^  the  bacterial 
count|  the  complement  fixation  tltei;  and  the  residual  glucose;  data 
complied  from  aeveral  production  experlmenta  are  shown  in  Figure  3*  Glucose 
utilieatlon  was  the  most  sensitive  and  useful  indicator  of  the  courae  of 
the  fermentation  I  V;arlier  studies  had  ehown  thet  meximum  antigen  accumulation 
coincided  with  the  point  at  which  glucoae  in  the  medium  approached  exhaustion 
After  16  to  20  hours  of  growth  it  was  poialble  to  extrapolate  the  glucose 
utiliaation  curvn  to  astimpte  the  time  at  which  antigon  elaboration  would 
ba  at  a  maximum  and  filtration  of  culture  ^uld  be  Initletedi  Anti¬ 
genicity  of  •  lx  consecutive  production  lots  as  measured  by  in  vivo  end 
in  itiASA  i*  presented  in  Table  II. 


TABLE  11,  ANTlOBNICm  OfiTAIHBD  W  SIX  SUCCESSIVE 
iOO-LITER  CULTURES 


Lot 

TITERS  OP  CULTURE 
FILTRATE 

ANTiaBNlcm  OF  0 
EROJJUCT  fl 

^L-ADSORBED 

Cump  lament 
fixation 

SOT.  Units/ml 

Gel 

Dlffuilon 

Endpoint 

Antigan 

lilO 

Dilution 

li30 

1:90 

Controls 

3 

160 

liA 

4/8;  6/8 

0/2 

6 

160 

liA 

6/fl 

0/2 

7 

160 

l:A 

4/8 1  4/e 

0/2 

6 

160 

l;2 

7/8i  7/8 

5/8 

5/8 

0/2 

9 

160 

1:2 

7/8j  8/8 

7/8 

7/8 

0/2 

10 

160 

1:2 

6/8 

0/2 

a.  The  sntigan  product  was  diluted  with  saline  at  shown;  a  single  0.3-ml 
Imiminlr.lng  Juluction  was  glvon.  Ratios  refer  to  Hiirvivlng  rabbits  over 
t  hu  t(Mhl  numbor  dial  longed. 


33  3 

Fcrmintatlen  tlm«,  heuri 


35  3 


3,  Rp  1  M  M  ininli  1  p  of  Contplcinont  I’ls.iUon  Til  or.  Hflc  L».‘ r  I /i  1 
(!(Uinl  ,  Glnonwo  l.!L  1  1  I /m|  I  on .  and  pll  (!!winftn  (n  Ciilrnrt'H 
of  h  .  MiUhrac  1  B  . 


SCablllty  to  accaUrated  aging  at  37^C  of  the  gel-adaorbed  product 
was  studied,  tot  9  antigen  was  incubated  at  37^C  and  assayed  in  rabbits 
at  weekly  intervals  to  determine  the  loss  of  imunogonic  potency,  The 
results  indicated  that  the  antigen  had  considerable  stability  to  accel¬ 
erated  aging;  approximately  60  per  cent  of  the  test  snimnis  survived 
challenge  after  Immunisation  with  antigen  heated  at  37^0  for  eight  weeks 
(Flguro  ^).  Thase  results  indicated  that  stability  to  accelerated  aging 
of  the  product  was  equivalant  to  that  of  an  axnarimental  gel-adsorbed 
antigin  preparad  previoualy  in  tha  laboratory.  Savaral  lots  of  antigen 
ware  re«asaayed  after  storage  for  one  year  at  4*C,  Resulte  of  these 
re-asseyi  indicated  that  antigenicity  of  the  etcred  product  decraaeed 
to  a  slight  but  minor  extsnt  In  soms  of  the  loti  (Table  HI). 


TABLS  III,  ANTZOSNICITY  07  GEL-ADBOR&ED  ANTIOBH 
A7TBR  STORAGE  AT  4*0  FOR  ONE  YEAR 


L<)E 

Nun^bt; 

Survival  Ratio  V  Concroli 

Antlg.n  dilution 

^ItlO 

ll30  li90 

8 

5/6 

--- 

3/6 

0/2 

9 

5/6 

4/6 

3/6 

0/2 

10 

8/8 

... 

6/8 

0/2 

a.  The  antigen  product  vea  dilated  with  saline  ae 
shown;  a  single  0.5»ml  Inmuniclng  Injection  was 
given.  Ratioa  refer  to  surviving  rabbits  over 
Che  total  numbar  cha Hanged. 


Several  lota  of  gsl-adsorbad  antlgsn  have  been  used  in  a  continuing 
program  of  immunlKatlon  of  personnsl  occupationally  exposed  to  anthraX; 
either  In  research  laboratories  or  in  industry.  The  entlgen  wes  well 
toloratad;  mild  and  transitory  local  reactioni  vera  elicited  at  the  aito 
of  Injection  in  a  vary  small  percentage  of  those  Immunleod.  Furthar 
iitudjnrt  on  the  snligenlcliy  of  the  product  are  In  progrosa, 
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IV.  DISCUSSION 

Th«  itudy  achieved  its  objacciva,  the  development  of  a  laboratory  method 
Into  a  proceea  Multabla  for  large-ecala  production  of  the  protective  antigen 
of  B.  anthrecie  >  The  proceea  deacrlbed  here  appears  to  be  a  reliable  method 
for^producing  large  volumea  of  the  antigen  In  a  form  suitable  for  Insnunlsa- 
tlon  of  mail}  it  la  adaptable  to  a  further  Increase  In  the  scale  of  production 
should  the  need  ekisti  Replacement  oil  the  spore  Inoculum  with  an  actively 
growing  vegetative  Inoculum  was  the  only  change  that  was  required  to  adapt 
the  laboratory  procedure  to  uie  with  300* liter  lots  of  culture  in  tenkst 
Substitution  of  the  vegetative  Inoculum  not  only  led  to  aetlifeetory  growth 
end  eleboretion  of  antigen;  but  elao  reduced  the  inouhetion  time  of  the  tank 
eulturi  to  approximately  26  hbuti.  No  explanation  was  esteblistj^d  for  failure 
of  the" tank* scale  cultures  to  grow  ei  aetisfeotorlly  is  -the  lehoratQry*icale„ 
oultutfs  when  e  spore  inoculum  was  used i 

The  preparetioni  of  antigen  produded  in  the  preaent  study  appear  to  be 
at  least  iquivalent  to  those  prepared  In  the  laboratory  in  all  reepeote 
_tiltedi_.;Jqmp^^  -  titer a__qf_  the  ..culture  f  iltra  tee  and  the  ant  1- 

dll  fusion  titers  of  tba  preaefit  not 

from  unpublished  tlteti  obtained  with  laboratory  lota  of  filtratei  no 
valid  Qompariion  can  be  made  with  diffusion  titers  recorded  by  others 
because  of  the  use  of  different  entliere  end  the  probable  influence  of 
minor  variations  in  technique*  The  preaent  preparations  also  rasambied 
laboratory  preperetlonsvln  stability  during  storage  at  4'’C  end  during 
accelerated  aging  at  37*0* 

The  least  letlafectory  portion  of  the  cver-ell  praceas  was  the  cen¬ 
trifugation  of  the  ge I -adsorbed  product.  This  procedure  is  time^ — 
consuming  end  affords  e  potential  source  of  conceminetioii  of  the  prOuViCti 
Newer  concepte  In  the  production  method  are  under  consideration  in  an 
effort  to  eliminate  the  troublesame  centrifugation  end  mainteln  an 
essentlelly  closed  production  system. 

The  protective  antigen  Is  e  rather  labile  lubstenoe  elaborated  only 
under  carefully  controlled  conditions*  The  setisfectory  results  obtelnsd 
in  product  Ion  of  this  subsCSince  in  300-llter  lots  may  justify  attempts 
to  produce  other  lAblle  blologicala  on  a  large  scale  by  bioengineering 
techniques . 


